the Louisiana Universities Marine Consortium.
Scientists attribute the Gulf of Mexico hypoxic zone largely to nutrient runoff (particularly nitrogen) The waters of the Mississippi and Atchafalaya Rivers provide 60% of the freshwater input to the Gulf of Mexico. When they reach the gulf, the waters form a broad, nutrient-rich, stratified plume that supports algal blooms along the continental shelf, extending from Louisiana to eastern Texas. Beginning in late spring, hypoxia appears across the shelf, generally at depths of 5-30 meters. Unless winds or tropical storms mix the water, hypoxia and anoxia may persist for weeks to months from May to September. During hypoxic periods, the abundance and biomass of fish and shrimp in the hypoxic zone diminishes, causing commercial shrimping to shift to nonhypoxic zones. However, according to the second of the six CENR reports, Topic 2: Ecological and Economic Consequences ofHypoxia, statistical reductions in overall catches were not measured (though the report states that reductions may have occurred).
Like many U.S. coastal ecosystems, the Gulf of Mexico was not monitored until water quality degradation was advanced. The first documentation of hypoxia in the Gulf of production and studies of transportation in the gulf. Routine data gathering on the extent and effects of hypoxia in the gulf began in 1985, led by Turner and Rabalais. Sampling during annual five-day cruises documented and mapped the presence of hypoxia in the gulf, though Rabalais cautions that the maps made during the surveillance cruises should be seen as incomplete snapshots. "What these maps show is only a five-day picture of the whole process," she says.
Research by Turner, Rabalais, and others has shown correlations between increased fertilizer use and productivity and oxygen depletion in the Gulf of Mexico. In the absence of long-term data on riverine nutrient and oxygen concentrations, research teams analyzed sediment cores extracted from the bed in the coastal shelf, which represented organic deposition from 1904 through recent years. Analysis of organic matter buried in the sediments showed that eutrophication and increased organic production began to grow in the 1940s, in parallel with increasing use of agricultural fertilizers. In a series of papers, Turner, Rabalais, and other researchers showed a decline in benthic foraminifera and ostracods (shelled organisms that require highly oxygenated waters), also coincident with increased fertilizer use, indicating increasing oxygen stress in the gulf beginning in the 1950s and accelerating in the 1980s. to address water quality problems affecting the Baltic Sea and the Danube River delta. In the Seto Island Sea, efforts to halve nutrient runoff appear to be slowly reducing eutrophication levels.
Governments and citizens groups have launched a number of extensive programs to reduce eutrophication and hypoxia caused by various human activities in a number of U.S. water bodies. A multi-state, multi-stakeholder campaign begun in 1987 on behalf of the Chesapeake Bay sought to reduce overall nitrogen and phosphorus loading from point sources such as wastewater treatment and nonpoint sources such as transportation and agriculture by 40% by this year (this goal has not yet been met, however). In the highly urbanized Long Island Sound, where hypoxia, declining water quality, and algal blooms threaten marine resources potentially worth $4.9 billion (in terms of jobs, commercial fishing and processing, and recreational boating, fishing, and swimming), studies showed that the major nitrogen contributor was partially treated sewage. With the cooperation of the EPA, state and local governments and major wastewater treatment companies in Connecticut and New York (the states bordering the sound) are upgrading their plants to help meet a goal of 58% reduction in point source nutrient deposition.
Many researchers look to the Chesapeake Bay's basin management program as a model for addressing water quality. Though there has been no significant change in overall water quality in the bay algal blooms and hypoxia still occur, and strategies to address inputs from agriculture, power plants, and auto emissions have not reduced nutrient loads as expected-conditions have improved in several contributing rivers where nutrient loading was diminished, and there has been a modest recovery of sea grass growth. Donald Boesch, a biological oceanographer with the University of Maryland Center for Environmental Science in Cambridge, calls the Chesapeake program a "qualified success, in that degradation has stopped and is, to a certain extent, being reversed." But he notes that a strong feeling of ownership on the part of the public was a major factor in the bay's improvement. "People just do not like the idea of 'their bay' being polluted," he says. There appears to be strong federal support for reversing coastal hypoxia. The issue is being addressed through a number of laws including the Clean Water Act, the Clean Air Act, and the Harmful Algal Bloom and Hypoxia Research Control Act of 1998. As part of the Clean Water Initiative, President Bill Clinton set aside $5 billion, including $322 million for the Gulf of Mexico, for projects to clean up America's waterways. To address the basin management concept in the Mississippi basin, the EPA has divided the watershed into six sub-basins and has begun developing strategies for addressing water quality in each. The EPA is also developing nutrient assessment criteria based on water quality indicators (such as chlorophyll, turbidity, and total nitrogen) for three water body types (lakes/reservoirs, streams/rivers, and estuaries/coastlines), to be completed by 2003. NOAA, the EPA, and other federal agencies are supporting and collaborating on research to expand understanding of hypoxia and the causes and controls of eutrophication in terms of climatic, physical, and chemical factors and human interactions with the environment.
In the conclusion of the first of the six CENR reports, Topic 1: Characterization of Hypoxia, Rabalais and her coauthors urge multi-level, multi-institutional support as a way of implementing nutrient reduction programs. The report notes that, just as declines in water quality increased over many years, recovery in the Gulf of Mexico and other systems will take many years. "The science of cultural eutrophication is past its infancy but the science of restoration of enriched systems is not," states the report. The authors go on to stress that for recovery strategies to remain effective, they must be accompanied by a long-term commitment to continuing research, including continued examination of existing data such as hydrogeographic, chemical, and biological conditions and events in the gulf; improved surveying to better quantify the problem; and continued monitoring. The research, like the recovery of the gulf, may take decades, but both are necessary to the continued recovery of degradation resulting from human activities.
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